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1 fc Wtt^H^7 * *-? 3 1 £ **i Ofe W 

***Sr« J; 5 taw-* . %m&$m$i7 4)v?m=Fi. 
3 m^^mm d i . nmsM i o oj? $ t ^ t 

# s dj g2. 3xttL<{id 1 §2. 8Xtt^S 
i 3 K*5¥tt^H*7 A )V?mFt 1.3, J±€*«t 1 0 
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* jp^m^Ft, mmi±mMw.±(z?mmm^ix 
m i nwammmy < >v 7 m^bm 2 <D^mm^y 4 

dj S2. 3xtfct<(id, i2. 8 x t i:£r£J; d 

mmm 2 : =mm 1 affl<ow&mmmiz*s ^x. 
m 1 oPttarasifc:? -r /i^sh^ hw,2^mmmwiy < 

->x^&z\b*mmb~t% mwimmwmm . 

4 o5¥'|±HHiS7 * . H 1 ?mVtmm$l 

7 */l^*^k3l3og¥ttSlffli£7 ^^*F**I8BBHS 

mztc. M2commmmy -ov^mi-tmAemmk 
m&y 4 jv^mTtimmmm^ti. mi. m2vm&M 
mm.y ^ )v?m=f-<n*ti?ti<?>&!m&m& ^h^tzu 
#£*u us 3, mA<m^mm^.y ^ tv^m^^tt 

as 1 co?mmmmy a ^^m z s L tm2(o?mmm^y 4 
>u?m=F<7)&ijmm : £d 1 t u m3cr>^mm%iy 4 

d 2 tL. m&2ir&w&mmwL<owL-%&ATg>&b% 

dj i; daCOH^i^- (2n + l ) X0. 5A 
(n=0, 1, 2, 3-) fc^l^;Hl^^||4 

[ft #JB 5 3 If *JB4 IEift^5¥ttHH^at:fc , 
Hi Sri^ LSI4 «»tt^H&7 4 /l^3R^<?53Iii#«i*F 

w,a commmmmy 4 >u7m=Fco a 3 ooattt^ffi^ 
oo5ittail7 iv^mi- Men s^vm&sffi&y 



«. - <t £ -r&3¥tt^HiS^a. 

msSMMUcomfrt: t b LtzbZ. dj feitXd 
2 #\ 

dj g2. 3xttL<(±d, s=2. 8Xt, d 2 < 
2. 3xtiL<lid 2 S2. 8xt tibiae, SI 
l&^UM^tt^K^-f/l'?*?. &£VB.mM 

ffi.tfm.mznx \^z\k zmwtb -t&wmmmm* 
ffi%mmz#^x. 

&mmm±. 3 6° -44° y-xl i Tao 3 mux- 

[0001] 

9 b^?zwmmm.mm. m=.^mttn^me^m 
tt&w&mmmm.w&£vztizm^izmmmwtzm 

•f&i>CDX~$)&, 
[0002] 

^ao/jNffl-ft. mmuzm-&&'mmm± am l v ^ 

(Vtfhh. c\tit:mM.~thtzlsb(D^mb LX. &m$Li$ 
[0003] *«8i*1Hlt. RFStftfflt 

m<r>Wimm:mz-tz~?)v^> yy < ;u?&9mzti 

[0004] mnmm^ 10-11712 3m&mz 
i±, imimmm^^z 1 s 0 • ste~>t&Hgetmk 

y a )V9 ^ z\ b XT^WX-fi-^m&iJ £ 

mmLfz^yxwfcy a )v?x*fo&w&mm%L7 4 )v 

7 tfm^ ZtiT\*&. JJB&WTSa* § fix vi s 5¥tt«ffl 

[0005] nm&mmmy a )V9\t. 
m®.y4)V?5 1 2fc**trv^4. i§K^«TM3¥ 
01^2 a fciegss st t ot&s . mn^ismm 

5 0 1 fc , !¥tt«fe7 * rt^*?- 5 0 1 b ms&im 
^'ioi^-18 0 0 m%&Wft.$mWiy ^;^*f502 

[0006] ±IE3*tt^HM7 4 )V?X\i. Zti^tvn 
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mts&?*7f*msBFF5 o 3 , WFmwm-z&^mmi 

[00 0 7] £fz, v;H-a>K7 ovfx'tmmm 

68^10-34113 ^4 i 5 £1S» 

( SAW7^;W ) #£EttfcLfcRW-S>*rtvv&. 
[00 08] 

[0009] o4 0 . IliB^^ftS^fcW^EiS*^ 

. <l<7)ct a %E>H±«ffiK 

[00 10] LA»U 2o^»tt»H«7^/^3PH t !6< 
UBi^fSffKTj ft t;#^T EM § *ufc%£fc:l±> t/P ? tfc 

[0011] j*W«iSfflR F 7 4 /t^Tli. SffiflflfiSi*! 

[0012] zconmt txs.mmm^mm^m^'t 

ftT ^ 4 j6* , SB * 3S $> -*\ 3. t' ffiBHf&WWft.^- < * 
4 £ fc ilDXB#<?)i^Jt57J £ J: 0 >7 x ; N-*8ITCtf>K 

[0013] 

[ mmtwrntt t&xr&n. ] ^ssgj^tt^H&isB 

(^y^-f^;l/b7yxfi- KIT. IDTt 

cDztiz'iwimmtfm: <o ^fz^^mttzw\m 
mammz&^z . m 1 o^-sub^ * t ss 

2^^1ffift7-f^*P^)+itflmi*d 1 .WEE 
mMU<r>W.^th.Ltzi^, d 1 £2. 3xttL< 
lid j 62. 8xtk^r4J:afc:. il«WttSiS7 
-oV^mT. g^co^tt^B^-f^*?. *JitX£E 



[0014] ±IE*fiic(cJ;ti«S\ S&its«£t*Sl2 0>3|itt 

[0015]4fc, ±ie«JST-{±. S1^W14W7 
-fA'**?* H2^3ftt^Bi&^M/k?SH\ tiitfE 
mSS^d! S2. 3Xti)t<{±d! £2. 8Xtfc 

[0017] ttz. ±.§mmz&\^Xli. SMSMem 

h<nx\ ±mmm%M^-TMiz£&i±w : mMcow\fit 
i&m^mxhi, 

[ooi8] jsammffitsm-cte. % 1 osftt^B 

tt***iJ:-t 18 0° S^r^-CfeD, Aifc&Wfoafc, 

[0019] _hlBflWtfcJ:*ur, fESfiffl^ftt^fc i-e 
18 0° <r t K i 0 - TTffi-Tfiri: co^OT^ 

iftttig^ ffi^ s - 1 tfx-% &<7)x\ ^mmitzmtiz . 

[0020] ±fa3¥tt*ffi?S^atfcv^T{i, v;^ys; 
y^-f^i: LTW^-rSiofc, HI. H2W5¥tt 

[0021] jjBf*sfc,fc*tfr, n i . m2cD?mmm 
<$L? * )v?m^<n^>kmwktt\^zm&%> x a teas 

[0022] *micoM<Dmtmm%mmz. mm<r>m 

|6Ft»-3T»JS«*ifc#BR« I D TfcflliJfcffS 1 ^rV^L 
^4 o^tt^Bife^ ^ >]s?m=F t^rt. H 1 «5¥tt^B 
i£7 ^ ;l^«fhi3 05lfiafflft7 ^ /l>^3R^!6*iHBR 

t#«c£tu ii2coaitt^iiiife7^7^*T-i:iS4coaitt 

««7^7P^*^ii^f#MSix. HI . H2«^tt 

Mft^L. H3. mAcrmmmm? 4 )v?mT<7)^ 
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w&mw&y fv?m=F-<r)$*'bmmz d l t u h 3 o 

^4M>P»lPI2rd 2 t U mm^tiiWV^iWR^M 
tfAVfo&bZlz^ dj td 2 WMtJif (2n + 
1) X0. 5A (n = 0, 1, 2, 3---) t % & i: d 

^iiv^U4o y 4 jv 7 m=Fmm ztix 

[00 2 3] ±IE«tfcfc:J:fHf. HSlfc^UMeoSHS 

[0024] i fz , JJBflllSTIi, m 1 , m 2 «5MSS 
Hife^ 4 )V9mTh , H3 , g4«*ttai*7 4 /I'* 

1 td 2 COitSr&i-e (2n+l) X0. 5A (n = 
0, 1, 2, 3-)-5i^ ftt»^«I«lilf 

ifcfciD,»u»2 coTmmmm 
top H iTv\ ^i^twqSH-*-* y -/^vtxo^4i^fiM 
[0025] Lft^t, ifefftt-ctt, y^v?mm 

[0026] ±!B5¥ttiM£l£S-eJ±. H 1 &^Ug4 

cow&mm&y * >v7m^-<r>m^w.mzm j n,mmm 

y < ju^m^mco 3 ^(tmw&w&y * )v?m^- 1 & 

[0027] iiesjstcitLtf. ub-??m&3tm%i7 

[oo2s] iMssmmffi&mtzis^xi*. mmsm 
mmcom^ttLtzt^, d : t>j:t/d 2 # s d x < 

2. 3xttL<(id 1 52. 8xt, d 2 £2. 3x 
t^t<{±d 2 52. 8xt fcarfcidtc. Hlfc^L 

[ 0 0 2 9 ] JJEMflcfcifUf, di fiMd 

2 *±IB<0j:-3tlft^-ftif:fc:j:t), U-yT'/KOffe* 

[0030] ±l55¥tt^H«^aT«. JEEB2£Kti. 3 



6° —44° Y-XL i TaO s IStlnttiVi. 

jjeaiiatKi^ur, 36* -4 4° y-x 

LiTao 3 mmt-ti.ztizx'o, mmmmmzj: 

*awKison«i*«ifW'c* § . 

[0031] ^Bfloiifigaji. wtBoiiiM^^-r 

[0032] JJBBWctcifUf , ^WBffcfc itf/h&fc 

[0033] 

1 lei 8 tcs^v ^-ciiwttLtr, OT^a 0 -c* 

[0034] CHJfiO^-^^] 0 1 \±*%W<r>mmcr> 

A)V7\i, Hlfc^-iafc, 

(HI * /^S;^ ) It, feiififfl^tt 

jWiraePttfsBtt? 4 1 1 1±& 1 8 0 " 

[0 03 5] ±IEJ±«*^1 0«, «ilf3 9* Y-X 
LiTaOg j6»i!>40, *St»t3&*Wilf2 8 5jumfc 

fll^Jf^ft^L i N b 0 3 SrfflV^I.^ t^'T'# S . 
[0036] ±l55¥14SHi!g^ 4 l , 3 ton 

I4ftt94 2. 5MHz) , 3¥tt*H^ 4 3 

ml i 80° atsssmrv^^wsrs. 

[0037] 4-f , 3¥tt*ffi^7 4 1 fcov^T 

5HtgfflK7^^«flli, ^idt 

tl^tL#IDT12. 1 3^ISBS^iT^€.. 
I DTI 2, 4^1 DTI 1 s I DTI 3 
WfiRti i a t#RSf » 14.15 *>1ES S *VC v » 
S 0 fto?¥tt^H^7 4^^ll^3t;o^Ti|s]«^. 

I DT3 2 . 4^* I DT3 1 , I D T 3 3 . #Rflt§ff 3 
4. 3 5*«i.T^4. iot, ±l5#5¥tt^H«7 4 

[0038] t*IDTl 1 t\^fz I DTI1 ^ViCD 
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commmmizA <o m^mmizxiMmw&mmztt 
&%><7)x-fo&» 

[00 3 9] IWi^/IDTtll iS-«ffi^^S^ 

& £ 1 tc ± o m#3E«fttt* , ai*»«^)ift®6 t i»riB t 

[ 0 0 4 0 ] JJB<D#*We*v*;*^—*\ KSf 

j» 1 4 *^>#R»aHi, 7 4- h u y ^5 ^ * -mmiz ± 

(A1)1S (fS) fci-pTTlM^ftT^S. 
[004 1] ±K5"ftt^ffi&7 -f /l^3R^ 1 co^ife I D 
Tl 1 fc, »ttSiifift7-f;^*p3^)>f>Al DT3 1 

>f n^fS^ 1 <7)# I D T 1 2 , 13fc^!$^X 

7 jWRW^fvc ^ £ . 

[0042] ?W±afflSE7 4 /I*-?*? l t , ^ftfiMS 
y 4 >V?m^-3 b 1±. PfWHifctfDgiWrrtFfcM 0 
TMX/dffittSfU ±ffiPS#<Oiai<Ott"C'>|BIIHd 1 #| 
£{£6 2 0. OjumCn&g^ftT^S. 

[0043] i<7)j:3 fcrWtt^Hift? 4 /l^*^ 1 1 b . 

^ 4 /l^S^ l , 3 «te«KFlS]i©#+'C'«*li0r-HBtS 

z. b t: i o , jee»& i o s^s < Ksre-s , 

[ 0 0 4 4 ] =5ri3. m 1 T(±, #3¥tt«Hi£:7 -* )V?m 

tmLtz, 

[0045] zw^mmm? < iv?\±, xnm 

«#IDT11, 3 1 i "3 «mfi-^^3itt^H^fc 
^SiX, Eti^)W«0# I DTI 2, 13, 32, 3 3C 

xwimmm^ t zti& z t xmmm^miK 

[0046] tfz. ±IBWtt^W^7 4 )V9X\±. SM 

tm&zti&ifi* z comm^mb lx i±mmm 1 o o 
[0047] znmmmmm&crfcMiztt-^xmmz 

T\ — o«oWtt^fflJS7 * /l^*^ l frt>imztU&* 
/I/?&8^ESIS1 OcDJSBl 0 aT-SWL-SW^H 



[0048]iot, ic0^';P^i*8O^S^lM]jSLT 

jr? i frt>mtztit: >ijv?®.8 &mt/$m iobti 
■ox < zmmmtz* w^rnm®.? 4 itm*) 
•^»ttii*7 ^i^«f 3«4>*i dt3 1 ^saa 

[0049] ^afc<?5SMB)Bfc:*Jtt4 ^laHdj * 
«*SEi.*if:*C, #5¥ttaH^7^;^S^l » 3 0 

Rffi L/c o 4 fc . J±«»K 1 0 OJ¥§ SEftS -tt 

PSLfc„ @3tm^c0lSS*^„ 

[0050] %wmtwm7 4 )\s?m=? 

1, SCOralOff^Pld! ^'2. 3t<d<2. 8tC9 
IEHtS> S fc # fc, ajMWSrtTW U -y 7)VM& 0 . 1 
SdBKJLh^^&^T^&ii: ^?'J£ . 

[0 0 5 1 ] 5:-jX. #fft«l7 ^ /P^If 1 , 3 
^IBKOff^lBBId! ^'±^KH^hi:^-S» J: o 

[00 52] ±IE4"lHBIHdi 2 . 3 

tOTCdj S2. 3xt) 4/111 2. 8 

t£Lh ( di a 2 . s x t ) xfotitf. ^m<nm^ 

mr?Z6&* *'MBHd! *T4L<(i, 1. 6t 
gdj g 2 . 3 t „ 4 2. 8tgd, S3. 5 t s 

J;'9*f4t<(i, l. 7t£di S2. it, 

2. 9-tSdj S3. 3tt'fcS, di ^3. 5 t 

b , Mit« CJ7^^) comm^^m^j: < % o , 
[0053] trnmcomzmm: 04 j±^iw«sat« 
^comm^-tm^mmmxh^, 

[00 54] ±IE^e^a-i!g7 ^ ;W^(±. H4 fc^-i 

X, S^tC, #»ai»7^/^if2, 4 (^3*3 

42. 5MHz)««, 2 S<?a(8BBf^«rFa<0W 

*mm%L7 4 jv?x"foh* 

[0 0 5 5] ±IS5¥tt^H}S7 4 ;l^i±. 1 0 

f5Mfiffl#tt^±IB3¥tt^H^7^;k^l, 2, 4fc{± 
*3i^l8 0^ M=SrS3¥tt^MM7^^^3i:^* 
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[0057] mw^.mm^.7 4 >v9mT i kSMtfag 

W&MW&7 4)V?m=?-3t »H»7 4 / 4 

J: 3 SrRHfc: J: *) . n^tUz.wmkWfc7 4 ;W±&m 

[00 58] ±IS^tt^Hfe7 4 /t^St^ 1 c^rfrife I D 
Tilt, W&mmk7 ^^*f3^ff*I DT3 1 
k fc«SKS*tfc^TflB«HF 5 jWRft£»*iT v ^ . Wm. 

W&.7 4 >l-?m=F 2 I D T 2 1 fcSSRSfufc , - 

»■? 4 <o+* i d t 4 1 fc«f«s*ut , im^mm^ 
[0059] m<\im.m%i7 4 >u?m=F 1 1 . swtaHifi 

7 4 >V?m^F3 k 1±. 5W*»iB«(?D®WriftFfc:M 0 
TldBStL. 4 ;l^ilt^ 1 . 3 WHO* 

'CfllHId! #%!U.{f6 2 0. 

[0060] 5ltt^ffl«7 ^ /l^*-?2 k . gpffi^Bjg 
7 4 >U?m=F4 k f4. 3¥tt^H^E«l*r6rtl» 0 

'DfflfflSd, tf s ilBdj fc*f|6L/C0!i.Hr6 2 2. 1 jjl 

mTh&« %m']tmmwi7 4 >v?m^-cr>nm. c<t 

ft) . R»«w*aWi<€-(7«**^<. lEtrcsaritfyft 

[006 1] *HJfiom-^®i4, 2gUB6RttRL£4 
3IMIS7^/l^if 1, 2.3. 4^ffl^T 3 F8r- 

[0062] 3¥ttfM^ 4 /I^(4. A7lfI!lO# I DT 
11. 3 1 tci O^a^WSittSlifift^kSefftSft. 

ttj^iffl!^# i d t 2 1 . 41 izxwx/mmm^t^m 

[0063]<f;t. *HWs<omzj^IS«0± 3 fc, 1 SB 
^#§¥'I4^HM7 >f }V?m=F 1 . 3 TO tf"ll»iaH8 d 

i k. 2&B<7>&w®.mmm7 4/u?m=F2. 4t«* 

[ 0 0 6 4 ] 0 . 2KS£lif#^§n»ffil<iffife7 
^/P^iS^colSS^O^^falPid! k2&Bm±<7> 



#4NBHBd, £. 3¥tt*iffii&Oi£«0 (2n+l)/2 
fg(n = 0, 1, 2, 3-) fvfftSVH-M^^Sik 

x\ j<jv-i?mzz.&i&mft , j v7°;Kof^*3efcis»t 

[006 5] HfrfESyfcOSg— JBIBfcTifi^T Sto^l"? 

xwm £ a t ^ & 3¥tt*ffijs fc ; ^ ? & t opaofifHw 
[0066] ttto-h . JBaafetc i oantSHaEk^'Oi' 

tc»ft^"3 mmzhh^-ffih 0 . a 5 < a > iz^-tx 

0 lzs<j\s7m<7)&Wbm^i%r£l l znt>ii& 7 i 

[0067] z<mih&i&Bb 2mm"c%mLx^& 
2fflm&mLtz£#cr>7 4j\s?%m-ei±w 

f ;i-^*^ o^H«SrMSixS3¥tt^ffliS^iS*o 
(2n+l)/2i(n = 0, 1, 2, 3-) fSm^ 

[0068] ^ttSffiiS«0fiffiWtt(4#^tf0Wtt«ffiiS 

7 zii'if 1.2.3.4 rt« wmBBBurcsits t 

T^S/S^. ^ttll^^^^I^l. 2.3.4 
K 2. 3. 4«EatcJ:>9SBIihS3WSBb*fc 

[0069] W&MW&7 4}V9m^-nxmm.^fix\^ 

istm&Mwi&yj )V9mTcr>^tMmz 1 
&zbx\ J*u9&,c»&mgmi> i^m^L^^bifi 
x% h . 

[0 07 0] fi£o-CiaBH±«+iC'flBld 1 k2SS 
R±<?5tf>'MaiHd s Sr. 5¥tt^H«^*» (2n + 
l)/2fg(n = 0, 1, 2, 3-) «ttSI=5:^&i 

kT-. \nmz&wh)^v7m.<r>%m\,zs.hm£\ (H5 

(a)«H> k. 2gatfcttl.y^^^O^Stj:l. 
fflfl (05 (b) #gg) k^Sv^cRte^4ikfc=5r 

0 . 2 s^ii^ Lfcift»7 4 frfmiX'it&wtitf 

(135 ( c ) #BS) o 

[0071] ^mtmmz^mxn^tifz7 4 iv^mt 
b$m%ixz>Mcr>7 4 ivfmtcnim&meiz^t,, 

d 2 =6 2 0j«m. t = 28 5 sxm\ l ZWi.'M£tlX^& <, 

*mm<nmzMmxn t>tih 7 4 )v?mmt . H6 tpt> 

m t> s6«5r J: ^ fc , JtK(^J k ib<T U >y < ^»^r 

[ 0 0 7 2 ] ^mm^m-Bmitzm&w&mmWi 
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wmt mmiz. mmmm i o ^mmm § t tits-r 
4 *) mmmmmmm^tihcoTif^ l 

[0073] cmmnmEMm: muz^m^nm^ 
m=mmz^m-mkmmm.b Lxmmmmmy * 

i^T (4 , JJHH* WSI— 4 Vm~BM tc T ^ L fc 

-evmm&*# j 3- lt tcommzm^t:. 
[0074] *nmcom=&mi,z{%z>mimmWiy a >v 

3 0 1 ( 9 5. 5MHz) MIBW 

tt»7^;^tf3 o i b**bmmsc<nm%s>%m 

Iffl«7^/^if302 (tfi^fflaaR94 2. 5MH 
[00 7 5] ±IB#5¥tt^H^7 ^/^if30h 3 

[00 7 6] ifc. #5¥14*ffl^7 ^/P^S^-3 0 1. 

W&mmWi7 J ;l/^*f3 0 2 b crM<7K W&mffi%icr> 

[0077] *mMcDm=BMTiz. m^mmcm- 

30 1, 3O2>!)*l^(:i0^tuS^ 
tt^M&7 ^/Wtf30l, 3 0 2^>frMS89fcW£ 

[0078] #gHtt^H»7 4 )U?m=?3 0 

1, 3 0 2Ora«04'^raPid 1 £, 2. 3t<dj < 

2. 8 t k =Sr ■§> 4 3 fcrffiS L 4 , ftfi&OHJfitf) 

[00 7 9] iot, #Wfi»7^l/^*f3 0 

1 , 3 0 2 corals ^UOH d ! asiaScattHfl. t =Sr 4 4 

a fc45*ftSlB»7 4 >V?mT 3 0 1, 3 0 2 

ff* o Z b T, v/Hfv *y h' 7 4 )V? b tzh &Wffi%m 

lz$LthVv7°j\/$:i&m-Z>ZbtfT'%Z>, &tz. Zcd 

4 o ^^mmcom^MM^mmcomm^~mmizmm 

lt i> mm^mmm^fi^ . 

[0080] c mmcommm^j m^x. ms $m t 

ft? * /t-*£fs»Lfcini^Bi o otz-^wztBtmt 
h. ±iB»ft§iBi oo(4, ^mmov^-jm <r 



xl) b LT, Tyftl 0 1 , 7>"H*fflS/RF 
Top7^/^102, r^r 10 3, RxSrel^ 4 /lx 
^104, S^ftl05, 1 s t I F7 <)V9 1 0 6, 
SW107, 2 n d I F7 << )V? 1 0 8, lst + 2 
ndO- JuVi/V^-Hr 1 1 1, TCXO (temperat 
ure compensated crystal oscillator ( SJS^fMMTKH 
f&JS^s) ) 1 1 2, ir)M¥\ 1 3, i})V7 
1 1 4£ffi;tTflif££tlT^So RxgH7^W10 

[0081 ] ifc, ±IBaH^a 1 0 0(4, i£ft£fT3 

b^y^-ysfij (Tx«) b lt, jjery-r-^i 0 1 

iD4t>'±IBT>-r^fflgP/RFTo py 10 2 

Txi F^^;tx^i 2 1, 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave device, the 
transmission characteristic of which is enhanced while multi-functioning and 
miniaturizing are attained and to provide a communication device employing it. 



SOLUTION: Surface acoustic wave filter elements 1, 3 are provided on a 
piezoelectric substrate 10 in a way that their propagation paths are overlapped. 
The surface acoustic wave filter elements, 1, 3 and the piezoelectric substrate 10 
are set so that a relation of d1<2.3*t or d1>2.8xt holds, where d1 is a center 
distance between the surface acoustic wave filter elements 1 , 3 and t is the 
thickness of the piezoelectric substrate 10. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st surface acoustic wave filter element equipped with two or more 
comb mold polar zone formed along the propagation direction of a surface 
acoustic wave on the piezo-electric substrate, It has the 2nd surface acoustic 
wave filter element equipped with two or more comb mold polar zone formed 
along the propagation direction of a surface acoustic wave on said piezo-electric 
substrate. In surface acoustic wave equipment equipped with the part which each 
propagation path of the 1st and 2nd surface acoustic wave filter elements 
overlapped Main spacing of the 1 st surface acoustic wave filter element and the 
2nd surface acoustic wave filter element so that it may be set to d1 <=2.3xt or d1 
>=2.8xt, when thickness of d1 and said piezo-electric substrate is set to t The 1st 
surface acoustic wave filter element, the 2nd surface acoustic wave filter element, 
and surface acoustic wave equipment characterized by setting up the piezo- 
electric substrate. 

[Claim 2] Surface acoustic wave equipment with which it sets to surface acoustic 
wave equipment according to claim 1, and the transmission amplitude 
characteristic in the passband of the 1st surface acoustic wave filter element and 
the 2nd surface acoustic wave filter element is almost equal with equipment, 
about 180 degrees of transmission phase characteristics differ, and one side is 
characterized by an unbalance terminal and another side being balanced 
terminals among input/output terminals. 

[Claim 3] Surface acoustic wave equipment characterized by the center 
frequency of the 1st and 2nd surface acoustic wave filter element differing 
mutually in surface acoustic wave equipment according to claim 1 so that it may 
operate as a multi-band filter. 



[Claim 4] It has the 1st thru/or 4th surface acoustic wave filter element equipped 
with two or more comb mold polar zone formed along the propagation direction of 
a surface acoustic wave on the piezo-electric substrate. Cascade connection of 
the 1 st surface acoustic wave filter element and the 3rd surface acoustic wave 
filter element is carried out. Cascade connection of the 2nd surface acoustic 
wave filter element and the 4th surface acoustic wave filter element is carried out. 
In surface acoustic wave equipment equipped with the part which it has the part 
which each propagation path of the 1st and 2nd surface acoustic wave filter 
element overlapped, and each propagation path of the 3rd and 4th surface 
acoustic wave filter element overlapped It is main spacing of the 1st surface 
acoustic wave filter element and the 2nd surface acoustic wave filter element d1 
It carries out. It is main **** of the 3rd surface acoustic wave filter element and 
the 4th surface acoustic wave filter element d2 Carry out, and when the 
wavelength of the surface acoustic wave excited is lambda d1 Surface acoustic 
wave equipment characterized by arranging the 1st thru/or 4th surface acoustic 
wave filter element so that the difference of d2 may be set to xO.SIambda (n= 0, 1 
and 2, 3--) about (2n+1). 

[Claim 5] Set to surface acoustic wave equipment according to claim 4, and the 
transmission amplitude characteristic in the passband of the 1st thru/or 4th 
surface acoustic wave filter element is almost equal mutually. It has the 
transmission phase characteristic with three almost same surface acoustic wave 
filter elements among the 1st thru/or 4th surface acoustic wave filter element. 
Surface acoustic wave equipment which is equipped with the transmission phase 
characteristic in which about 180 degrees of one surface acoustic wave filter 
element which remains differ from other three surface acoustic wave filter 
elements, and is characterized by for one side being an unbalance terminal and 
another side being a balanced terminal among input/output terminals. 
[Claim 6] It is d1 when thickness of said piezo-electric substrate is set to t in 
surface acoustic wave equipment according to claim 4 or 5. And d2 Surface 
acoustic wave equipment characterized by setting up the 1st thru/or the 4th 



surface acoustic wave filter element, and a piezo-electric substrate so that it may 
be set to d1 <=2.3xt or d1 >=2.8xt, d2 <=2.3xt, or d2 >=2.8xt. 
[Claim 7] Setting to surface acoustic wave equipment given in any [ claim 1 
thru/or ] of 6 they are, a piezo-electric substrate is 36 degrees - 44 degreeY- 
XLiTa03. Surface acoustic wave equipment characterized by being a substrate. 
[Claim 8] The communication device characterized by using surface acoustic 
wave equipment given in any [ claim 1 thru/or ] of 7 they are. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave 
equipment which the characteristic impedances of surface acoustic wave 
equipment called a surface acoustic wave filter especially an input side, and an 
output side differ, and has an unbalance-balance conversion function, and the 
communication device using it. 
[0002] 

[Description of the Prior Art] The technical progress over the miniaturization of a 



portable communication device called a cellular phone in recent years and 
lightweight-izing has a remarkable thing. As a means for realizing this, 
development of the component part which compounded the function of plurality 
[ miniaturization / reduction of each component parts and ] from the first has also 
progressed. 

[0003] the surface acoustic wave filter used for RF stage against the background 
of such a situation -- ******** of balanced - unbalance -- the filter corresponding to 
the balance which added the so-called balun function, and the multi-band filter 
equipped with two or more passbands are realized. 
[0004] For example, the surface acoustic wave filter which is a filter 
corresponding to the balance which realized the unbalanced input-balanced 
output by combining with JP,10-1 17123,A the surface acoustic wave filter with 
which 180 degrees of transmission phase characteristics differed mutually is 
indicated. The configuration of the surface acoustic wave filter shown in the 
above-mentioned official report is shown in drawing 9 . 
[0005] The above-mentioned surface acoustic wave filter has the vertical joint 
resonator mold surface acoustic wave filter 51 1 and the vertical joint resonator 
mold surface acoustic wave filter 512. The vertical joint resonator mold surface 
acoustic wave filter 51 1 carries out cascade connection of the surface acoustic 
wave filter element 501 to two steps. As for the surface acoustic wave filter 
element 501 and the surface acoustic wave filter element 501 , the vertical joint 
resonator mold surface acoustic wave filter 512 carries out cascade connection 
of the surface acoustic wave filter element 502 from which about 180 degrees of 
transmission phases differ. 

[0006] With the above-mentioned surface acoustic wave filter, series connection 
of parallel connection and another side is carried out for one side of each 
input/output terminal, a parallel connection terminal is used as the unbalance 
terminal 503, and the series connection terminal is used as each balanced 
terminal 504. 

[0007] Moreover, with the multi-band filter, in order to obtain two or more 



passbands as indicated by JP, 1 0-341 135,A, two or more surface acoustic wave 
filter elements (SAW filter) are prepared on the piezo-electric substrate. 
[0008] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned 
conventional surface acoustic wave filter, the ripple occurred in the transmission 
characteristic in a passband, and the problem of degradation of a transmission 
characteristic is produced. 

[0009] That is, a function needs to form two or more surface acoustic wave filter 
elements on the same piezo-electricity substrate with the compound-ized surface 
acoustic wave filter. When advancing a miniaturization with the surface acoustic 
wave filter in which two or more filter elements were formed on such same piezo- 
electricity substrate, there is a case where two surface acoustic wave filter 
elements arrange in the propagation direction of a surface acoustic wave, and 
are arranged in it, plentifully. 

[0010] However, when two surface acoustic wave filter elements arrange in the 
propagation direction of a surface wave and have been arranged in it, in a 
transmission signal, a ripple may arise in a passband under the effect of a bulk 
wave. 

[001 1] With RF filter for cellular phones, it is desirable for the transmission 
characteristic in a passband to be flat as much as possible, and generating of 
such a ripple serves as a technical problem which should be improved as 
aggravation of surface smoothness. 

[0012] Although processing which damages the rear face of a piezo-electric 
substrate as this cure (irregularity is formed like sandblasting) was considered, 
there were problems, like the curvature in a wafer condition becomes large with 
that a piezo-electric substrate becomes easy to break, so that a rear face is 
damaged, the heat at the time of processing, or stress. Therefore, the surface 
acoustic wave filter (surface acoustic wave equipment) which processing which 
damages a rear face was avoided [ filter ] and reduced the ripple by the bulk 
wave is called for from the former, attaining a miniaturization. 



[0013] 

[Means for Solving the Problem] The surface acoustic wave equipment of this 
invention is two or more comb mold polar zone 

(INTADEJITARUTORANSUDEYUSA) formed along the propagation direction of 
a surface acoustic wave on the piezo-electric substrate in order to solve the 
above technical problem, the following and IDT -- outlining -- with the 1st surface 
acoustic wave filter element which it has It has the 2nd surface acoustic wave 
filter element equipped with two or more IDT(s) formed along the propagation 
direction of a surface acoustic wave on said piezo-electric substrate. In surface 
acoustic wave equipment equipped with the part which each propagation path of 
the 1st and 2nd surface acoustic wave filter elements overlapped Main spacing 
of the 1st surface acoustic wave filter element and the 2nd surface acoustic wave 
filter element so that it may be set to d1 <=2.3xt or d1 >=2.8xt, when thickness of 
d1 and said piezo-electric substrate is set to t It is characterized by setting up the 
1st surface acoustic wave filter element, the 2nd surface acoustic wave filter 
element, and a piezo-electric substrate. 

[0014] While having the filtering function equipped with the specific passband by 
having prepared the 1st and 2nd surface acoustic wave filter elements, 
respectively according to the above-mentioned configuration, multi- 
functionalization and compound-ization of a function are attained by two or more 
surface acoustic wave filter elements. 

[0015] Moreover, with the above-mentioned configuration, the effect of the bulk 
wave produced from the surface acoustic wave excited between each 1st and 
2nd surface acoustic wave filter elements can be controlled by having set up the 
1st surface acoustic wave filter element, the 2nd surface acoustic wave filter 
element, and a piezo-electric substrate so that it might be set to d1 <=2.3xt or d1 
>=2.8xt. 

[0016] Since generating of the ripple resulting from the bulk wave to the 
transmission signal in a passband can be mitigated and a flatter and good filter 
shape is obtained from this with the above-mentioned configuration, attaining 



multi-functionalization and a miniaturization, the transmission characteristic in a 
passband is improvable. 

[0017] Moreover, in the above-mentioned configuration, since the effect of a bulk 
wave can be controlled even if it excludes damaging the rear face of a piezo- 
electric substrate, generating of the defect of the crack of the piezo-electric 
substrate by the process which damages the above-mentioned rear face can be 
avoided, and reduction of the percent defective in a production process is 
possible. 

[0018] With the above-mentioned surface acoustic wave equipment, the 
transmission amplitude characteristic in the passband of the 1st surface acoustic 
wave filter element and the 2nd surface acoustic wave filter element is almost 
equal, about 180 degrees of transmission phase characteristics differ, and it is 
desirable that one side is [ an unbalance terminal and another side ] balanced 
terminals among input/output terminals. 

[0019] Since according to the above-mentioned configuration it can have a 
conversion function by that between unbalance-balances when about 180 
degrees differs a transmission phase characteristic, multi-functionalization can be 
attained. 

[0020] In the above-mentioned surface acoustic wave equipment, the center 
frequency of the 1st and 2nd surface acoustic wave filter element may differ 
mutually so that it may operate as a multi-band filter. 

[0021] According to the above-mentioned configuration, by setting up the center 
frequency of the 1st and 2nd surface acoustic wave filter element so that it may 
differ mutually, it becomes possible to make it operate as a multi-band filter, and 
multi-functionalization and compound-ization of a function can be attained. 
[0022] In order that other surface acoustic wave equipments of this invention may 
solve the aforementioned technical problem, it has the 1st thru/or 4th surface 
acoustic wave filter element equipped with two or more IDT(s) formed along the 
propagation direction of a surface acoustic wave on the piezo-electric substrate. 
Cascade connection of the 1st surface acoustic wave filter element and the 3rd 



surface acoustic wave filter element is carried out. Cascade connection of the 
2nd surface acoustic wave filter element and the 4th surface acoustic wave filter 
element is carried out. In surface acoustic wave equipment equipped with the 
part which it has the part which each propagation path of the 1st and 2nd surface 
acoustic wave filter element overlapped, and each propagation path of the 3rd 
and 4th surface acoustic wave filter element overlapped It is main spacing of the 
1st surface acoustic wave filter element and the 2nd surface acoustic wave filter 
element d1 It carries out. It is main **** of the 3rd surface acoustic wave filter 
element and the 4th surface acoustic wave filter element d2 Carry out, and when 
the wavelength of the surface acoustic wave excited is lambda d1 d2 It is 
characterized by arranging the 1st thru/or 4th surface acoustic wave filter 
element so that a difference may be set to xO.SIambda (n= 0, 1 and 2, 3 --) about 
(2n+1). 

[0023] While having the filtering function equipped with the specific passband by 
having prepared the 1 st thru/or 4th surface acoustic wave filter element, 
respectively according to the above-mentioned configuration, multi- 
functionalization and compound-ization of a function can be attained by two or 
more surface acoustic wave filter elements. 

[0024] Moreover, even if it approaches mutually and prepares the 1st and 2nd 
surface acoustic wave filter element and the 3rd and 4th surface acoustic wave 
filter element with the above-mentioned configuration for a miniaturization d1 d2 
By setting up a difference about (2n+1) by about odd times xO.SIambda (n= 0, 1 
and 2, 3 --), i.e., the half-wave length of a surface acoustic wave Generating of 
the ripple resulting from the bulk wave between the 1st and 2nd surface acoustic 
wave filter element and the 3rd and 4th surface acoustic wave filter element can 
be reduced. 

[0025] Therefore, with the above-mentioned configuration, since generating of a 
ripple can be mitigated and a flatter and good filter shape is obtained, attaining 
multi-functionalization and a miniaturization while having a filtering function, the 
transmission characteristic in a passband is improvable. 



[0026] With the above-mentioned surface acoustic wave equipment, the 
transmission amplitude characteristic in the passband of the 1st thru/or 4th 
surface acoustic wave filter element is almost equal mutually, among the 1st 
thru/or 4th surface acoustic wave filter element, it has the transmission phase 
characteristic in which about 180 degrees of one surface acoustic wave filter 
element which has the transmission phase characteristic with three almost same 
surface acoustic wave filter elements, and remains differ from other three surface 
acoustic wave filter elements, and it is desirable for one side to be an unbalance 
terminal and for another side to be a balanced terminal among input/output 
terminals. 

[0027] According to the above-mentioned configuration, by setting one surface 
acoustic wave filter element as an opposite phase to other three surface acoustic 
wave filter elements, it can have a conversion function during an unbalance- 
balance and multi-functionalization can be attained. 

[0028] It is d1 when thickness of said piezo-electric substrate is set to t in the 
above-mentioned surface acoustic wave equipment. And d2 The 1st thru/or the 
4th surface acoustic wave filter element, and a piezo-electric substrate may be 
set up so that it may be set to d1 <=2.3xt or d1 >=2.8xt, d2 <=2.3xt, or d2 >=2.8xt. 
[0029] According to the above-mentioned configuration, it is d1 further. And d2 
By setting up as mentioned above, generating of a ripple can be controlled and a 
transmission characteristic can be improved further. 

[0030] With the above-mentioned surface acoustic wave equipment, a piezo- 
electric substrate is 36 degrees - 44 degreeY-XLiTa03. You may be a substrate. 
According to the above-mentioned configuration, it is a piezo-electric substrate 
36 degrees - 44 degreeY-XLiTa03 While an insertion loss is mitigable by 
considering as a substrate piezoelectric [ good ], the effect of the environmental 
temperature by the outstanding temperature characteristic can be controlled. 
[0031] The communication device of this invention is characterized by using 
surface acoustic wave equipment given in above any they are, in order to solve 
the aforementioned technical problem. 



[0032] It can miniaturize demonstrating the outstanding transceiver function, 
since the surface acoustic wave equipment with which it was multi-functionalized 
miniaturized, and the transmission characteristic in a passband has been 
improved was used according to the above-mentioned configuration. 
[0033] 

[Embodiment of the Invention] It will be as follows if each gestalt of operation of 
this invention is explained based on drawing 1 thru/or drawing 8 . 
[0034] The [first gestalt of operation] Drawing 1 is the ** type perspective view 
showing the structure of the surface acoustic wave filter as surface acoustic 
wave equipment concerning the first gestalt of operation of this invention. As the 
above-mentioned surface acoustic wave filter is shown in drawing 1 , the surface 
acoustic wave filter element (1st surface acoustic wave filter element) 1 and the 
transmission phase characteristic have the surface acoustic wave filter element 
(2nd surface acoustic wave filter element) 3 from which about 180 degrees of 
said surface acoustic wave filters 1 differ on the piezo-electric substrate 10, 
respectively. 

[0035] the above-mentioned piezo-electric substrate 10 -- for example, 39- 
degreeY-XLiTa03 from - it becomes and the substrate thickness t is formed in 
285 micrometers. As a material of the above-mentioned piezo-electric substrate 
10, it is not limited above, and have piezoelectric [ other ], for example, it is Xtal 
and LiNb03. It can use. 

[0036] About the above-mentioned surface acoustic wave filter elements 1 and 3, 
those fundamental configurations are the same (both center frequency is 
942.5MHz), and the points set up so that 180 degrees of transmission 
characteristics of the surface acoustic wave filter element 3 may differ to the 
transmission characteristic of the surface acoustic wave filter element 1 differ. By 
such setup, the above-mentioned surface acoustic wave filter has the conversion 
function during an unbalance-balance with the filtering function. 
[0037] First, as for the surface acoustic wave filter element 1 , explanation of the 
surface acoustic wave filter element 1 arranges each IDT 12 and 13 at right and 



left (direction which met in the propagation direction of a surface acoustic wave) 
of a center IDT11, respectively. Furthermore, each reflectors 14 and 15 are 
arranged so that it may face across IDT12 and centers IDT1 1 and IDT13 from 
right and left, respectively. It has IDT32, centers IDT31 and IDT33, and each 
reflectors 34 and 35 similarly about other surface acoustic wave filter elements 3. 
Therefore, each above-mentioned surface acoustic wave filter elements 1 and 3 
are vertical joint resonator molds. 

[0038] IDT called a center IDT1 1 is equipped with two or more two electrode 
finger parts equipped with each band-like electrode finger [ that it is parallel and 
regular intervals ] of each other prolonged in the direction which intersects 
perpendicularly from the band-like end face section (bus bar) and one flank of the 
end face section, and has each above-mentioned electrode finger part in the 
condition of having become intricate between mutual electrode fingers so that the 
flank of the electrode finger of each above-mentioned electrode finger part might 
be met mutually. 

[0039] In such IDT, a signal transformation property and a setup of a passband 
are possible by setting up the crossover width of face which shows the die length 
and width of face of each electrode finger, spacing of each adjacent electrode 
finger, and the confrontation die length in the condition between mutual electrode 
fingers of having become intricate, respectively. 

[0040] Moreover, each above-mentioned electrode finger and an above- 
mentioned bus bar, and each reflector of reflector 14 grade were formed on the 
piezo-electric substrate 10 by the photolithography method etc., for example, are 
formed with the aluminum (aluminum) electrode (foil). 
[0041] The unbalance terminal 5 connected in the center IDT11 of the above- 
mentioned surface acoustic wave filter element 1 and the center IDT31 of the 
surface acoustic wave filter element 3 is formed. One balanced terminal 6 
connected to each IDT 12 and 13 of the surface acoustic wave filter element 1 is 
formed. The balanced terminal 7 of another side connected to each IDT 32 and 
33 of the surface acoustic wave filter element 3 is formed. 



[0042] Each other is adjoined in the propagation direction of a surface acoustic 
wave, it is arranged side by side, and the surface acoustic wave filter element 1 
and the surface acoustic wave filter element 3 are the main spacing d1 between 
above-mentioned both. For example, it is set as 620.0 micrometers. 
[0043] Thus, each other is adjoined and the surface acoustic wave filter element 

I and the surface acoustic wave filter element 3 are stood in a line in the 
propagation direction of a surface acoustic wave, the piezo-electric substrate 10 
can be small set up arrangement and by making each center line of the 
propagation direction of each surface acoustic wave filter elements 1 and 3 
mostly in agreement more preferably, and the obtained surface acoustic wave 
filter can be miniaturized, attaining multi-functionalization. 

[0044] In addition, by drawing 1 , the logarithm (the number of pairs) of each 
electrode finger of each surface acoustic wave filter element and the number of 
each electrode finger of a reflector had many the numbers, and since all were not 
able to be indicated, they were simplified and indicated. 
[0045] An electrical signal is changed into a surface acoustic wave by each IDT 

II and 31 of an input side, by conversion being again made by each IDT 12, 13, 
32, and 33 of an output side to an electrical signal, selection of a frequency is 
performed and such a surface acoustic wave filter functions as a filter. 

[0046] Moreover, although the wave motion mainly called a leakage surface 
acoustic wave is excited in the piezo-electric substrate 10 with the above- 
mentioned surface acoustic wave filter, a front face is spread, emitting a bulk 
wave towards the interior of the piezo-electric substrate 10 as a description of 
this wave motion. 

[0047] The bulk wave emitted with propagation of this leakage surface acoustic 
wave has strong direction dependency, and the include angle emitted is limited to 
a certain range. As shown in drawing 2 , at a certain include angle, the bulk wave 
8 emitted from one surface acoustic wave filter element 1 reflects by base 10a of 
the piezo-electric substrate 10, and returns to surface 10b again. At this time, 
when the surface acoustic wave filter element 3 of another side existed in the 



returning field, it turned out that a large ripple unnecessary to the transmission 
characteristic in a receptacle passband produces that effect. 
[0048] Therefore, it turned out that what is necessary is just to arrange the center 
IDT31 of the surface acoustic wave filter element 3 which adjoins the surface 
acoustic wave filter element 1 in addition to the field from which the bulk wave 8 
emitted from the surface acoustic wave filter element 1 in order that the effect of 
this bulk wave 8 may be avoided and the transmission characteristic in a 
passband may obtain a flatter filter shape, as a result of examining many things 
returns to surface 10b again. 

[0049] Main spacing d1 in the first gestalt of this operation By changing variously, 
it is the main spacing d1 of each surface acoustic wave filter elements 1 and 3. 
The relation of the magnitude of the ripple produced in a passband was 
investigated. Moreover, the thickness of the piezo-electric substrate 10 is also 
changed and they are the various main spacing d1. The relation of the magnitude 
of a ripple was investigated. Those results are shown in drawing 3 . 
[0050] Main spacing d1 between this result and each surface acoustic wave filter 
elements 1 and 3 When it is in the range which is 2.3 t<d<2.8t, it turns out that 
the ripple quantity in a passband is large with 0.1 5dB or more. 
[0051] Therefore, main spacing d1 between each surface acoustic wave filter 
elements 1 and 3 The ripple in a band can be reduced by arranging each surface 
acoustic wave filter elements 1 and 3 so that it may become out of range [ an 
upper type ]. 

[0052] At this invention, it is the above-mentioned main spacing d1. Although the 
effectiveness of this invention can be demonstrated if it is 2.3t or less (d1 
<=2.3xt) or is 2.8t or more (d1 >=2.8xt) Main spacing d1 They are 1<=2.1t of 1.7 
t<=d, and 1<=3.3t of 2.9 t<=d more preferably 1<=2.3t of 1.6 t<=d, and 1<=3.5tof 
2.8 t<=d. d1 If it exceeds 3.5t, trouble will arise in a miniaturization. d1 When less 
than 1.6t, the electrode finger number of a reflector (reflector) decreases and the 
spurious increase outside a passband is large. 

[0053] The [second gestalt of operation] Drawing 4 is the ** type perspective view 



showing the structure of the surface acoustic wave filter as surface acoustic 
wave equipment concerning the second gestalt of operation of this invention. In 
addition, in the second gestalt of this operation, the member number same about 
the member which has the same function as the surface acoustic wave filter 
shown with the first gestalt of the above-mentioned implementation was given, 
and the explanation was omitted. 

[0054] The above-mentioned surface acoustic wave filter is a surface acoustic 
wave filter of two steps of vertical joint resonator molds which have each surface 
acoustic wave filter elements 2 and 4 (3rd [ the ] and the 4th surface acoustic 
wave filter element, both center frequency of 942.5MHz) further in addition to the 
surface acoustic wave filter of the first gestalt of the above-mentioned 
implementation, as shown in drawing 4 . 

[0055] The surface acoustic wave filter elements 1 , 2, and 4 by which the above- 
mentioned surface acoustic wave filter was formed on the piezo-electric 
substrate 10, and a transmission phase characteristic have the surface acoustic 
wave filter element 3 from which about 180 degrees of the above-mentioned 
surface acoustic wave filters 1, 2, and 4 differ. By such setup, the above- 
mentioned surface acoustic wave filter has the conversion function during an 
unbalance-balance with the filtering function. 

[0056] In addition, although the surface acoustic wave filter element 3 was set as 
the opposite phase in which about 180 degrees of phases differ from others with 
the second gestalt of this operation, the same effectiveness will be acquired if 
any one of each surface acoustic wave filter elements 1,2,3, and 4 is set as an 
opposite phase. 

[0057] Cascade connection of the above-mentioned surface acoustic wave filter 
element 1 and the surface acoustic wave filter element 2 of each other is carried 
out. Cascade connection of the above-mentioned surface acoustic wave filter 
element 3 and the surface acoustic wave filter element 4 of each other is carried 
out. Moreover, each surface acoustic wave filter elements 1-4 are installed so 
that the propagation direction of the surface acoustic wave filter elements 1 and 3 



and the propagation direction of the surface acoustic wave filter elements 2 and 4 
may become mutual almost parallel. The obtained surface acoustic wave filter 
can be miniaturized by such installation, attaining multi-functionalization. 
[0058] The unbalance terminal 5 connected in the center IDT1 1 of the above- 
mentioned surface acoustic wave filter element 1 and the center IDT31 of the 
surface acoustic wave filter element 3 is formed. One balanced terminal 6 
connected in the center IDT21 of the surface acoustic wave filter element 2 is 
formed. The balanced terminal 7 of another side connected in the center IDT41 
of the surface acoustic wave filter element 4 is formed. 

[0059] Each other is adjoined in the propagation direction of a surface acoustic 
wave, it is arranged, and the surface acoustic wave filter element 1 and the 
surface acoustic wave filter element 3 are the main spacing d1 between each 
surface acoustic wave filter elements 1 and 3. For example, it is 620.0 
micrometers. 

[0060] Each other is adjoined in the propagation direction of a surface acoustic 
wave, it is arranged, and the surface acoustic wave filter element 2 and the 
surface acoustic wave filter element 4 are the main spacing d2 between each 
surface acoustic wave filter elements 2 and 4. Above d1 It corresponds, for 
example, is 622.1 micrometers. The logarithm (the number of pairs) of each 
surface acoustic wave filter element and the number of a reflector had many the 
numbers, and since it was not able to indicate, they were simplified and indicated. 
[0061] The second gestalt of this operation is the example which constituted the 
surface acoustic wave filter which has balanced - unbalance conversion function 
using each surface acoustic wave filter elements 1,2,3, and 4 which carried out 
two-step cascade connection. 

[0062] An electrical signal is changed into a surface acoustic wave by each IDT 
1 1 and 31 of an input side, by conversion being again made by each IDT 21 and 
41 of an output side to an electrical signal, selection of a frequency is performed 
and a surface acoustic wave filter functions as a filter. 
[0063] Next, it is the main spacing d1 in the 1st step of each surface acoustic 



wave filter elements 1 and 3 like the second gestalt of this operation. Main 
spacing d2 in the 2nd step of each surface acoustic wave filter elements 2 and 4 
The case where it is made different is explained. 

[0064] That is, the 1st step of the surface acoustic wave filter element by which 
two-step cascade connection was carried out of main spacing d1 The 2nd step of 
main spacing d2 By making it differ mutually only (2n+1) of the wavelength of a 
surface acoustic wave / twice (n= 0, 1 and 2, 3 -), generating of the ripple in a 
band by the bulk wave can be reduced further. 

[0065] Generating of the ripple by the bulk wave stated with the first gestalt of 
said operation is produced with the phase relation between the surface acoustic 
waves and bulk waves which are excited inside the surface acoustic wave filter 
element. 

[0066] That is, irregularity (ripple) arises in a transmission characteristic to the 
filter shape obtained when there is no effect of a bulk wave, as it may have the 
relation which the phase between the case where it has the relation which the 
phase between a surface acoustic wave and a bulk wave is in agreement with a 
frequency, and suits in slight strength mutually, and a surface acoustic wave and 
a bulk wave reverses, and is weakened mutually and shown in drawing 5 (a). 
[0067] When this irregularity is reversed with the 1st step in the 2nd step, in the 
filter shape of the whole which carried out two-step cascade connection, 
irregularity negates each other and a filter shape without a ripple is obtained. 
Although what is necessary is just to reverse the phase relation between a 
surface acoustic wave and a bulk wave to reverse irregularity, this is possible by 
making it differ only (2n+1) of the wavelength of the surface acoustic wave which 
has main spacing of a surface acoustic wave filter element excited / twice (n= 0, 
1 and 2, 3 --). 

[0068] Since the phase characteristic of a surface acoustic wave is determined 
with the electrode finger structure of each surface acoustic wave filter elements 1, 
2, and 3 and the 4 interior, it is not dependent on arrangement of each surface 
acoustic wave filter elements 1,2,3, and 4, but since a bulk wave changes 



propagation path length by arrangement of each surface acoustic wave filter 
elements 1, 2, 3, and 4, it also changes a phase characteristic. 
[0069] Since the surface acoustic wave currently excited within the surface 
acoustic wave filter element and the bulk wave emitted have fixed relation, by 
changing main spacing of a surface acoustic wave filter element by one wave, it 
can also change bulk wave propagation distance by one wave. 
[0070] Therefore, the 1st step of main spacing d1 The 2nd step of main spacing 
d2 By making it differ only (2n+1) of the wavelength of a surface acoustic wave / 
twice (n= 0, 1 and 2, 3 --) The irregularity (refer to drawing 5 (a)) under the effect 
of the bulk wave in the 1 st step and the irregularity (refer to drawing 5 (b)) under 
the effect of the bulk wave in the 2nd step will be mutually reversed. In the filter 
shape of the whole which carried out two-step cascade connection, each 
irregularity negates each other and a filter shape without a ripple is obtained 
(refer to drawing 5 (c)). 

[0071] The comparison of the filter shape before being improved with the filter 
shape obtained with the second gestalt of this operation is shown in drawing 6 . 
With the surface acoustic wave equipment as an example of a comparison 
before being improved, it is set as d1 =d2=620micrometer and t= 285 
micrometers. The filter shape obtained with the second gestalt of this operation 
understands that there is no ripple compared with the example of a comparison, 
and the good property is acquired so that clearly from drawing 6 . 
[0072] Moreover, it also sets in the surface acoustic wave filter concerning the 
second gestalt of this operation, and is d1 and d2. Since the transmission 
characteristic with better setting up to substrate thickness t of the piezo-electric 
substrate 10 like the first gestalt of the aforementioned operation is acquired, it is 
desirable. 

[0073] The [third gestalt of operation] Drawing 7 is the ** type perspective view of 
the surface acoustic wave filter as surface acoustic wave equipment in which the 
third gestalt of operation of this invention is shown. In addition, in the third gestalt 
of this operation, the member number same about the member which has the 



same function as the surface acoustic wave filter shown with the first of the 
above-mentioned implementation and the second gestalt was given, and the 
explanation was omitted. 

[0074] With the surface acoustic wave filter concerning the third gestalt of this 
operation, as shown in drawing 7 , in order to have two passbands, the surface 
acoustic wave filter element 301 (center frequency of 895.5MHz) formed on the 
piezo-electric substrate 10 and the surface acoustic wave filter element 302 
(center frequency of 942.5MHz) from which said surface acoustic wave filter 
element 301 and center frequency differ are formed. 

[0075] Each above-mentioned surface acoustic wave filter elements 301 and 302 
are equipped with the same configuration as each above-mentioned surface 
acoustic wave filter element 1 except center frequency differing mutually. 
[0076] Moreover, the logarithm (the number of pairs) of each electrode finger of 
each surface acoustic wave filter elements 301 and 302 and the number of each 
electrode finger of a reflector have many the numbers, and since all cannot be 
indicated on drawing 7 , it has simplified. Main spacing d1 of the propagation 
direction of a surface acoustic wave between the surface acoustic wave filter 
element 301 and the surface acoustic wave filter element 302 For example, it 
may be 620 micrometers. 

[0077] Although each surface acoustic wave filter elements 301 and 302 in which 
center frequency is different from each other unlike the first gestalt of the above- 
mentioned operation adjoin each other mutually with the third gestalt of this 
operation, even if the center frequency of each surface acoustic wave filter 
elements 301 and 302 differs mutually, the radiation angle of the bulk wave 8 to 
which a leakage surface acoustic wave is emitted does not change. 
[0078] For this reason, main spacing d1 between each surface acoustic wave 
filter elements 301 and 302 When it has arranged so that it may become 1 < 2.8t 
of 2.3 t<d, a ripple arises in the transmission signal in a passband for the same 
reason as the first gestalt of the above-mentioned operation. 
[0079] Therefore, main spacing d1 between each surface acoustic wave filter 



elements 301 and 302 The ripple produced in the transmission signal in a 
passband also in the various functions surface acoustic wave filter used as a 
multi-band filter by arranging each surface acoustic wave filter elements 301 and 
302 so that it may become out of range [ an upper type ] can be reduced. 
Moreover, the same effectiveness is acquired even if it applies the third gestalt of 
such this operation to the second gestalt of the aforementioned operation. 
[0080] The [fourth gestalt of operation] Then, the communication device 100 
which carried the surface acoustic wave filter of a publication in the first of this 
operation thru/or the third gestalt is explained, referring to drawing 8 . As a 
receiver side (Rx side) which receives, the above-mentioned communication 
device 100 is equipped with an antenna 101, the antenna common section / 
RFTop filter 102, amplifier 103, Rx interstage filter 104, a mixer 105, the 1stlF 
filter 106, a mixer 107, the 2ndlF filter 108, the 1st+2nd local synthesizer 111, 
TCXO (temperature compensated crystal oscillator (temperature-compensated 
crystal oscillator))1 12, a divider 113, and the local filter 114, and is constituted. 
As double lines showed, in order to secure balance nature from Rx interstage 
filter 104 to drawing 8 to a mixer 105, transmitting by each balanced signal is 
desirable. 

[0081] Moreover, as a transceiver side (Tx side) which transmits, it has the TxlF 
filter 121, a mixer 122, Tx interstage filter 123, amplifier 124, a coupler 125, an 
isolator 126, and APC (automaticpower control)127 (APC), and the above- 
mentioned communication device 100 is constituted while sharing the above- 
mentioned antenna 101, and the above-mentioned above-mentioned antenna 
common section / RFTop filter 102. 

[0082] And a surface acoustic wave filter given in the first of this operation thru/or 
the third gestalt mentioned above can use for the above-mentioned Rx interstage 
filter 104, the 1stlF filter 106, the TxlF filter 121, and Tx interstage filter 123 
suitably. 

[0083] Therefore, the used surface acoustic wave filter is multi-functionalized and 
miniaturized, and the above-mentioned communication device can be attaining 



the miniaturization with the good transceiver function by having the still better 
transmission characteristic more than the miniaturization, especially the GHz 
band. 
[0084] 

[Effect of the Invention] When thickness of d1 and said piezo-electric substrate is 
set to t for main spacing of the 1st surface acoustic wave filter element and the 
2nd surface acoustic wave filter element equipped with the part to which each 
propagation paths overlapped on the piezo-electric substrate as mentioned 
above, the surface acoustic wave equipment of this invention is the configuration 
that the 1st surface acoustic wave filter element, the 2nd surface acoustic wave 
filter element, and a piezo-electric substrate are set up so that it may be set to d1 
<=2.3xtord1 >=2.8xt. 

[0085] So, the above-mentioned configuration does the effectiveness that a 
transmission characteristic can be improved, by setting it as d1 <=2.3xt or d1 
>=2.8xt, attaining multi-functionalization and a miniaturization. 
[0086] The 1st surface acoustic wave filter element and the 2nd surface acoustic 
wave filter element (main spacing d1) in which other surface acoustic wave 
equipments of this invention have the part to which propagation paths overlapped 
on the piezo-electric substrate as mentioned above, Have the 3rd surface 
acoustic wave filter element which has the part which the propagation path 
overlapped, and the 4th surface acoustic wave filter element (main **** d2), and 
when the wavelength of the surface acoustic wave excited is lambda d1 d2 It is 
the configuration that the 1st thru/or 4th surface acoustic wave filter element is 
arranged so that a difference may be set to xO.SIambda (n= 0, 1 and 2, 3 --) 
about (2n+1). 

[0087] So, since generating of a ripple can be mitigated and a flatter and good 
filter shape is obtained, attaining multi-functionalization and a miniaturization 
while having a filtering function, the above-mentioned configuration does the 
effectiveness that the transmission characteristic in a passband is improvable. 
[0088] The communication device of this invention is the configuration of having 



used surface acoustic wave equipment given in above any they being as 
mentioned above. 

[0089] So, the above-mentioned configuration does the effectiveness that it can 
miniaturize, demonstrating the outstanding transceiver function, since the surface 
acoustic wave equipment with which it was multi-functionalized miniaturized, and 
the transmission characteristic in a passband has been improved was used. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the ** type perspective view showing the surface acoustic wave 
filter concerning the first gestalt of operation of this invention. 
[Drawing 2] It is a conceptual diagram for explaining the bulk wave radiation in 
the above-mentioned surface acoustic wave equipment. 

[Drawing 3] It sets in the first gestalt of the above-mentioned implementation, and 
is d1. It is the graph which shows the relation of the yield of the ripple by having 
changed. 

[Drawing 4] It is the ** type perspective view showing the surface acoustic wave 
filter concerning the second gestalt of operation of this invention. 



[Drawing 5] It is an explanatory view for explaining reduction of a ripple in the 
second gestalt of the above-mentioned implementation, and (a) shows the 1st 
step of filter shape, (b) shows the 2nd step of filter shape, and (c) shows the filter 
shape when carrying out cascade connection of the 2nd step to the 1st step. 
[Drawing 6] It is a graph to compare and show the filter shape improved with the 
second gestalt of the above-mentioned implementation, and the filter shape 
before an improvement. 

[Drawing 7] It is the ** type perspective view showing the surface acoustic wave 

filter concerning the third gestalt of operation of this invention. 

[Drawing 8] It is the important section block diagram of the communication device 

concerning the fourth gestalt of operation of this invention. 

[Drawing 9] It is the outline top view of conventional surface acoustic wave 

equipment. 

[Description of Notations] 

1 Surface Acoustic Wave Filter Element (1st Surface Acoustic Wave Filter 
Element) 

2 Surface Acoustic Wave Filter Element (3rd Surface Acoustic Wave Filter 
Element) 

3 Surface Acoustic Wave Filter Element (2nd Surface Acoustic Wave Filter 
Element) 

4 Surface Acoustic Wave Filter Element (4th Surface Acoustic Wave Filter 
Element) 

10 Piezo-electric Substrate 
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